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Abstract 

The most fundamental step in waste management is quantifying and qualifying the different 

types of waste being generated. It is important to have a system for the collection and analysis 

of basic information about wastes. Among the data needed are: the sources of wastes, the 

quantities of waste generated, their composition and characteristics, the seasonal variations 

and future trends of generation. Such information forms the basis for the development of 

appropriate waste management strategies. In fact, data collection and management should be 

an on-going exercise for monitoring purposes and to enable future and long-term planning and 

decision-making. 

The purpose of this research was to determine the generation rate, physical composition and 

waste management practices of Arada Sub City and to provide information about solid waste 

management to the Sub-City. The study was carried out by stratified the institutions into four 

groups: governmental and non governmental office, educational center, bank and insurance, 

and churches. Moreover, based on each group proportion representative samples were taken 

randomly from each group. Sorting of the waste was done using hands to separate the waste 

into respective composition groups: paper, 

plastic, glasses, textile and leather, rubber, yard waste, metals, inorganic, electronics, special 

waste, rubber, wood, potentially hazardous waste. 

The result of the study showed that the solid waste generation rate from institutions in the sub 

city was 0.033kg, and 0.44 It per employee per day by weight and volume, respectively, while 

the density was 74.9 kg/m3. The total solid waste per capita per day by weight and volume from 

domestic, commercial and institutional center were 0.56 and 2.2, respectively. From all 

composition, paper took the proportion of 79.11 % by weight and 92.92% by volume, 

respectively. The total solid waste generation rate from the institutions of Arada Sub City was 

0.439 tones, which is 1. 7 % of the total. 

The study also showed that 35 % of the organizations in Arada Sub City practice incinerations 

at secured place and 11.7% of the institutions practice incineration without secured place. The 

result revealed that 35 % of the respondents have suggested that there should be private pre 

collectors to collect the waste from the institutions. And 20 % of respondents have 
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recommended that there should be an organization that supplies containers and dispose off the 

wastes when the containers are filled.  

The result also depicted that there is great potential in recycling of solid waste from the 

institutions in Arada Sub City if it is sorted out at the sources. The usefulness of the out comes 

of this study is to provide information about generation rate physical compositions and 

management status of solid waste from institutions in Arada Sub City. 
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 1. INTRODUCTION  

 For many cities in Africa, dealing with the environmental costs of rapid growth and 

urbanization represents a phenomenal challenge. This is particularly true in the area of solid 

waste management. While cities are generating an ever-increasing volume of waste, the 

effectiveness of their solid waste collection and disposal systems are declining. In the urban 

center throughout the Africa region, less than half of the solid waste produced is collected, and 

95 per cent of that amount is either indiscriminately thrown away at various dumping sites on 

the periphery of urban centers, or at a number of so-called temporary sites  typically empty lots 

scattered throughout the city (Mohamed, 2003). 
 

The quantity of waste generated in Addis Ababa is increasing because of rapid population 

growth, economic development, urbanization and improving living standards of the citizen. 

However, in most of the developing countries like Ethiopia, the increasing of solid waste is 

resulted from rapid urbanization and population booming. This has outpaced the financial and 

a manpower resource of municipalities to deal with provision and management of services of 

solid waste. In most cities and towns of developing world, inappropriate handling and disposal 

of municipal solid waste is the most visible cause of environmental degradation, i.e., air 

pollution, soil contamination, surface and ground water pollution, resulted from improper 

disposal of municipal solid wastes (WHO, 1996).  
 

Solid Wastes means any Garbage, refuse, sludge, and other discarded solid materials, including 

solid waster materials resulting from industrial, commercial, and agricultural operations, and 

from community activities, but does not include solid or dissolved materials in domestic 

sewage or other significant pollutants in water resources, such as silt, dissolved or suspended 

solids in industrial wastewater effluents, dissolved materials in irrigation return flows or other 

common water pollutants(U.S. Code of Federal Regulations-CFR PART 243,1995). 

 Institutional solid wastes are wastes that originate from schools, hospitals, governmental 

offices, and prisons. In addition to commercial solid waste generated by Commercial 
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establishment, institutional waste include the hazardous material or health care establishments 

such as discarded syringes, needles, and chemical waste like the formaldehyde and phenols in 

disinfectants and the mercury in thermometer and solid pressure gauges. (UNEP, 1999). 

Inadequate solid waste management in Addis Ababa has resulted in the accumulation of waste 

on open lands, in drains and in the living area or many people causing a nuisance and foul-

smelling pools, environmental pollution through leaches from piles (water and soil pollution) 

and burning of waste (air pollution), clogging of drains, and the possible spread of diseases. 

Unattended piles of waste are a breeding place for insects and rats. This situation is believed to 

result in poor environmental conditions and an ever-present risk of epidemics, which in turn 

present a formidable threat to healthand productivity. 
 

According to a study conducted by Meson (1996) cited by ENDA Ethiopia (1999) solid waste 

is ranked the first environmental Problems in Addis Ababa, scoring (26.47) and immediately 

followed by sewerage (20.59), then population congestion (14.71).Thus, there is a need for 

improved waste management in the city. Industries and institutions have different practices to 

dispose off their waste, but none of them has any functional waste treatment facility. For many 

industries and i~1stitutions, the waste is handled jointly with domestic waste by the 

municipality. Factories built along streams and rivers discharge their untreated waste into these 

water systems, thus adding to the pollution of the river water (ENDA Ethiopia, 1999). 
 

 Reliable data about the composition, the volume, and weight or waste generated and collected 

in Addis Ababa is limited. Very limited surveys and studies have been carried out in early 

1980s and mid 1990s by Nurconsult with the support of Louis Berger Company (Yami Birke, 

1999). Another study was also conducted by Addis Ababa University and the French Mission 

and the result showed that the estimates of waste generated per capita per day varies in volume 

from 0.40 to 1.23 lit/capita/day, in weight from 0.11 to 0.25 kg/capita/day and in density from 

205 to 370 kg/m3 (Yami Birke, 1999).In the other studies, the daily waste generation is 

estimated to be 0.25kg/capita/day (AASPDA, 2003).  
 

The current daily waste generation of the city is 2,297m3 or 851 tones. From all municipal 

waste generated per day, 65 % (1,482m3) is collected (AASBPDA, 2003). The remaining 35 

per cent of waste is disposed off through informal means, except smaller percentage going to 
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incineration and dumped on open sites, drainage channels, rivers and valleys as well as on the 

streets. 

The city council recognizes six major sources of solid waste: households, street, commercial 

institutes, industries, hotels and hospitals. Available data for 1993 shows that households take 

the lion share of solid waste generated in the city (AAHB, 1997). From total generated 

households 71%, street 10%, commercial institutions 9%, industries 6%, hotels 3% and 

hospitals 1% (AAHB, 1997). On the other hand studies conducted before a decade by 

Nurconsult (1982) showed that, the households generate 76% of the solid waste; the remaining 

24 % is generated from business (7% commerce and industries) and public (17% hospitals and 

street sweeping).  

  

Recently, the study conducted by Yitayal beyene (2005) revealed that the domestic solid waste 

generation rate per capita in Arada sub city is 0.5-1.1 by volume, 0.075-0.163 by weight.  

Similarly, in the same sub city the study conducted by Samuel Shimelis (2006) showed that the 

commercial solid waste generation rate per capita is 1.97 by volume and 0.546 by weight.  

These studies have contributed for the determination of the domestic and commercial solid 

waste generation rate and composition of Arada Sub City. However, additional information 

like institutional, Street sweepings, industrial and hospital solid wastes generation rate and 

composition studies are essential in order to provide full information for Arada Sub City and to 

extrapolate about Addis Ababa. 

 

 Thus, this research is aimed at conducting a study on quantity and physical composition 

analysis of institutional solid waste in Arada Sub City and which will have paramount 

importance in providing relevant information that is basic to design appropriate solid waste 

management system in the city of Addis Ababa. 
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 2. LITERATURE REVIEW 
2.1 Solid waste management status in Addis Ababa 
 
Waste management is the organized and systematic channeling of waste through pathways to 

ensure that they are disposed of with attention to acceptable public health and environmental 

safeguards. However, proper management cannot be achieved without a well-designed waste 

management plan. waste management planning strategies should advocate avoiding waste 

generation, using cleaner technology, promoting waste recycling and recovery, using suitable 

treatment for generated waste and adequate waste final disposal. Globally, there is an 

increasing awareness of environmental planning and management (O.F. Kofoworola,2006). 

Some common causes for poor waste management services are the lack of appropriate 

government policy and legislation, lack of political will and public commitment, inadequate 

technical expertise, insufficient financial resources or inappropriate allocation of available 

resources, and unavailability of suitable lands for waste disposal sites (Chandana K. 

etal.,2005). 
 

The most important problem of Addis Ababa is the solid waste management. Currently only 

65% of the solid waste is collected and disposed in the dumpsite, 5% is recycled, 5% is 

composted and the remaining 25% of the solid wastes are uncollected and dumped in 

unauthorized areas such as open fields, ditches, sewers, streets and many other available spaces 

in the city. Hence, the aesthetic quality of the city is deteriorated. The health situation of the 

community is under serious threat. The main problems of SWM in the city are: the 

geographical and urban structure of Addis Ababa makes most part of the city inaccessible, the 

poor socio-economic status of the population, lack of properly designed collection route system 

and time schedule, containers are not properly collected and emptied when full, this has caused 

dirty corner, littering of the corner around the skips and it has also encouraged illegal dumping, 

insufficient funds and absence of cost recovery, lack of proper truck maintenance, lack of 

public awareness, absence of incentive systems, lack of private sector involvement, poor 

condition of the final dumpsite as well lack' of promotion on-waste reduction, recycling and 

composting(AASBPDA, 2003). 
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According to the Nor consult study conducted in 1982, the recommended distance between 

communal containers is 50-100 meter, these requires 2-4 containers per sq. km. In case of 

Addis Ababa, assuming that containers are evenly distributed which actually is not; the 

catchments radius is as high as 1233 m for densely developed part and up to 2285 for areas at 

the peripheries. Some areas face more serious problem. For instance, a study made on the solid 

waste management of Woreda 28 shows that, out of the four kebeles studied, only three have 

communal collection containers, with emptying interval of one week or more. 
  
Based on this, the coverage in this area is estimated to be only 19.5 per cent (Yami Birke, 

1999). Currently in Arada Sub City there are 79 municipal containers with 8 m3 carrying 

capacity and 96 municipal containers with 1.1m3 carrying capacity and there are 9 trucks which 

have been used with Gulele Sub City (AASBPDA, 2003). 
 

2.2 Solid waste and its sources 
 

 Solid waste is the general term used to describe a non liquid waste materials arising from 

various social and economical activities in a human setting. In most cases it is unwanted waste 

(AAHB, 1997). Addis Ababa municipality operational health regulation (Legal 

Notice1/1989E.C)  states solid waste as any thing discarded as public sweepings, food remains, 

ash, vegetable and grass, metal, plastics, dead animals ,and the likes that poses environmental 

health risks. The Addis Ababa solid waste is described in line with this definition. Similarly 

solid Waste comprises all the wastes arising from human and animal activities that are 

normally solid and that are discarded as useless or unwanted (Tchobanoglous et al., 1977).  
 

 The city council recognizes six major sources of solid waste: households, street, commercial 

institutes, industries and hospitals. Available data for 1993 shows that households take the lion 

share of solid waste generated in the city (AAHB,1997). From total generated households 71%, 

street 10%, commercial, institutions 9%, industries 6%, hotels 3% and hospitals 1 % (Tadesse 

Kuma, 2004). Similarly, according to Urban Development Sector Unit East Asia and Pacific 

Region (1999), the source and type of solid waste are described in Table1.  
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Table 1: Source and type of solid waste 
Table 1: Sources and Type of solid waste 

Source Typical waste generation  Type of solid wastes 

Residential Single and multi family dwelling Food wastes, paper, cardboard, plastics, 

textiles, leather, yard wastes, wood, glass, 

metals, ashes, special wastes (e.g., bulky 

items, consumer electronics, white goods, 

batteries, oil, tires), and household 

hazardous wastes. 

Industrial Light and Heavy manufacturing, 

fabrication, construction sites, 

power and chemical plants. 

Housekeeping wastes, packaging, food 

wastes, construction and demolition 

materials, hazardous wastes, ashes, special 

wastes. 

Commercial Stores, hotels restaurants, 

markets, office buildings, etc 

Paper, card board, plastics wood food, 

waste glass metals, special wastes 

hazardous wastes. 

Institutional Schools, hospitals, prisons, 

government centers. 

Same as commercial 

Construction and demolition New construction sites, road 

repair, renovation sites, 

demolition of buildings 

Wood steel concrete and dirt, etc. 

Municipal services Street cleaning, landscaping, 

parks, beaches, other recreational 

areas, water and waste water 

treatment plants 

Street sweepings, landscape and tree 

trimmings; general waste from parks, 

beaches, and other recreational areas; 

sludge. 

Process Heavy and light manufacturing, 

refineries, chemical plants, 

power plants, mineral and 

extraction processing 

Industrial process waste, scrap materials, 

off-specification products, slog, tailings. 

All the above should be included as “municipal solid waste” 

Agriculture Crops, orchards, vineyards, 

dairies, feedlots, farms 

Spoiled food wastes, agricultural wastes, 

hazardous wastes (e.g., pesticides) 

Source: Urban Development Sector Unit East Asia and Pacific Region. (1999). What a Waste: Solid Waste         

Management in Asia.  
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2.3 Solid waste generation 
 
A positive correlation tends to exist between a community’s income and the amount of solid 

wastes generated. Wealthier individuals consume more than lower-income ones, which results 

in a higher waste generation rate for the former. The processes of accelerated population 

growth and urbanization translate into a greater volume of wastes generated. Globalization can 

promote economic growth, a desirable outcome. However, this economic growth in addition to 

population increase and urbanization will seriously strain municipal resources to deal with a 

booming amount of wastes (Martin Medina, 2006).  
 

According to Beyene (1991), the per capita dry waste generation per annum of Addis Ababa 

was estimated to be 0.168567 m3.and taking account of population growth alone, the annual 

waste generation is estimated to be 429, 146 m3. Similar study by Nurconsult (1982) reported 

that the weighed mean per capita/day generation of Addis Ababa as 0.4 liter and 0.15 Kg and 

370 weighted mean density in kg/m3. Other researchers like Sturdy Gordon in (1994) and 

(1995) also reported that the weighed mean per capita/day generation as 0.65 liter and 0.221 

Kg. Moreover Samuel (2006) indicated that the per capita per day from the sum of commercial 

and residential solid waste generation rate by weight and by volume in Arada Sub City is 0.55 

kg and 1.97lt. 
 

 The waste generation rates of developed countries are higher than the developing ones and 

attributed to the difference in technological advances. In Table 2 Cities like New York have 

generation rate of 18 liter/capita/day while most cities in developing countries have rates less 

than one litter/capita/day.  Similarly as it shown in Table 2 the domestic waste generation of 

Addis Ababa is twice less by volume as compare to similar developing cities despite the 

negligible difference in density. This may be attributed to difference in socio-economical 

developments between countries (AASBPDA, 2003). 
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Table 2: A comparison of waste generated in Addis Ababa with cities in different countries. 
Country/ City Generation per capita per day Density Kg /m3 

Lt. Kg 

UK 6.4 0.845 132 

Middle east 4.7 1.0 211 

Moscow 1.37 0.548 400 

New York 18 1.8 100 

Humbug 5.6 0.85 150 

Rome 4.6 0.69 150 

Singapore 4.9 0.87 175 

Jakarta 3.0 0.6 200 

Kampala 1.78 0.8 450 

American cities 1.0 1.0-2.0 100-150 

Addis Ababa, Arada sub city 1.965 0.55 277.66 

Asian cities 0.73 0.415 570 

Indian cities 1.12 0.4-0.5 350-500 

Developing countries - -  300-500 

Cairo, Egypt 1.5 0.5 330 

Kano Nigeria 1.8 0.46 250 

Lahore, Pakistan 1.0 0.5 500 

Calcutta 1.0 0.51 500 

 Source:Data on waste generation rates for the different countries and Addis Ababa Arada Sub 

City are from Addis Ababa Adminstiration Health Bureau(1997) and Samuel Shimilis ( 2006), 

respectively. 
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2.4 Composition of solid waste 

 2.4.1 Physical composition 

It is important to know the quantity of waste generated (by type) in order to examine the 

various treatment options(M. Tsakona etal., 2006) The common ingredients of solid wastes in 

developing countries, including Ethiopia, follow similar pattern with major composition of 

organic substances and ashes (AAHB, 1997). Table 4 show that Addis Ababa municipality 

refuses has the listed composition based on various studies. 
 

Table 3. Percent composition of waste by weight provided by different sources in different 

years in A.A. 
 
Major Constituents  Weighted percent composition by weight and source of information  

1982 1994 1995 
Vegetables 8.7 4.185 2.90 
Paper  2.2 2.47 3.37 
Rubber 0.5 1.0 0.28 
Wood N.A 2.33 2.29 
Bone N.A 1.06 1.62 
Plastics 0.7 1.93 1.98 
Textile 1.5 2.37 1.44 
Ferrous metals 0.8 0.9 1.16 
Aluminum  N.A N.A 0.02 
Glass 0.5 0.445 0.8 
Combustible (leaves & 
grasses) 

25.2 15.13 22.63 

Non Combustible 6.3 2.53 2.96 
Fines < 10mm N.A 29.93 28.04 
10<fines<55mm N.A 35.65 31.43 
All fines 53.6 65.58 59.44 
Total 100 100 100 
 
Source: Addis Ababa Administration Health Bureau (AAHB ,1997). 
 
In addition to solid waste generation, rate higher incomes and economic growth also tend to 

have an impact on the composition of wastes. Wealthier individuals consume more packaged 

products, which results in a higher percentage of inorganic materials metals, plastics, glass, 

textiles, and so on- in the waste stream. Higher volume, of wastes and a changing composition 

have a profound impact on waste management practices. It also points out the policy changes 

that developing countries need to make (Martin. M, 2006). 
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According to Samuel Shimilis (2006), the physical composition percent by weight and percent 

by volume of Arada Sub City is summarized 'in the Table 4. 

Table 4.Commercial solid waste composition in Arada Sub City 

Waste fraction of category Percentage by weight Percentage by volume 

Food 88.41 75.32 

Paper 3.79 7.6 

Yard waste 2.19 7.8 

Plastic 1.76 4.7 

Metal 0.99 1.12 

 

<10 particle size 

0.77 1.6 

Glass 0.62 0.31 

Potentially hazardous waste 0.36 0.20 

Inorganic 0.31 0.20 

Textile 0.25 0.45 

Wood 0.23 0.50 

Special waste 0.15 0.14 

Electronics 0.14 0.04 

Rubber 0.03 0.04 

Total 100 100 

Source:Samuel Shimilis (2006). 

 

2.4.2 Chemical composition 

 With regard to chemical composition of the waste, there is no data for Addis Ababa, but in 

general, data for developing countries reveals that organic substance (C,H, N.) comprises about 

40-50% inorganic substance (P, K) 20-30%, moisture about 30-40% by weight, with less than 

100 Kca1 of heat value (AAHB, 1997).  
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A study conducted by Samuel Shimilis (2006) as showed in Table 5 Carbon to nitrogen ratio 

(C:N) of Food (25.98) and yard waste (22.82) this justified there is the possibility of making 

compost from this source for fertilizer.  
 

Table 5. Chemical composition of commercial solid waste in Arada Sub City. 
Components Volatile Fixed Ash Cal. Val N C H S C:N 

  matter (%) carbon (%) (cal/gm) (%) (%) (%) (%) ratio 

   (%)        

Food waste 74.59 13.90 2.39 4638 1.57 40.9 7.07 0.29 25.98 

yard waste 63.585 15.43 10.25 4016 I 1.61 36.4 5.69 0.27 22.82 

Textile  72.63 6.93 15.54 3289 0.27 41.9 6 15 0.30 152.56 

Paper and 71.48 8.405 14.865 4950 0.20 32.2 4.91 0.12 163.60 

cardboard          
Source: Samuel (2006). 
 

Information on the chemical composition of solid waste is important in evaluating alternative 

processing and recovery options. If solid Wastes are to be used as fuel, the most important 

properties to be known are (1) proximate analyses, which include moisture content (loss at 

105°C for 1 hr), Volatile matter (additional loss in ignition at 950°C), ash-residue (residue after 

burning), and fixed carbon (reminder). (2) Ultimate analysis, which include percent of Carbon, 

Hydrogen, Oxygen, Nitrogen, Sulfur ash and (3) heating value (energy value) (Tchobanoglous 

et al., 1977). 

 

2.5 Collection, transportation/transfer and disposal of waste 

    2.5.1 Collection 

Addis Ababa Municipal waste collection is handled in three ways: door-to-door collection for 

households along accessible streets; block collection for clients (large hotels, enterprises, and 

institutions) requesting the municipality to provide them with refuse containers; and containers 

system, which expects residents to carry and dump their waste in 8m3 refuse containers placed 

supposedly accessible sites(enda 1999) . 
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 The side loading and compacting trucks are usually designed to serve for door to door 

collection system where an 8m3 transfer stations are lacking and road accessibility is not 

limited. In this collection system the disposing people and the truck along accessible street 

collection points meet at a defined time of hour during the day, usually twice a week (AAHB, 

1997). 
 

 In practice 85 per cent of the waste is collected through the container system. Although the 

objective is to service every 2-3 days, containers are actually emptied in more than a week 

period on average. Besides, some households are located 1 km away from their closest 

container that people tend to through their waste in sewer and ditches. All solid waste collected 

by the municipality to single landfall, Repi dumping site, 40 years old (located south of the 

city) that is proved to be difficult to prevent scavengers from scratching through hazardous 

waste. The efficiency of this method is limited because of the capacity of the city council to 

deploy adequate number of vehicles and waste containers, which in tern has direct relationship 

with revenue generation of the city.  Other waste disposal method such as composting of 

agricultural wastes, incineration and recycling of wastes are not used ( Tadess Kuma, 2004). 
  

     2.5.2. Transportation/transfer 

Transport of waste from households, factories, and other generation sites is a growing problem. 

The rapid urbanization of much of the developing world leaves little time for adequate layout 

and planning; many of the most rapidly growing parts of cities are at the periphery of existing 

settlement.  

Garbage dumps, with their associated disease, odor and frequent fires (in some cases) would 

ideally be located on suitable land away from the most densely populated areas. These areas 

are becoming harder to find as population urbanize and municipal traffic increases; the 

transport of waste becomes longer and more time-consuming, and therefore more expensive 

and less efficient. Many cities employ neighborhood-level collection points, where households 

are responsible for transport to the transfer point and the municipal or private enterprise 

transports the waste from there to the ultimate disposal location. Transport also relies on 

operational vehicles, and frequent breakdowns coupled with spar parts shortages can 

immobilize collection vehicles for extended periods of time ( Olar Zerbock,2003).  
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In Addis Ababa out of 72 trucks, 35-40 work daily because of the average age of trucks more 

than 5 years, maintenance difficulties, negligence of drivers, frequent accidents during traffic 

conge station.  The vehicles carry only a single container at a time to disposal site. A trip is 

made to and from collection sites only for single container of maximum capacity of 8m3 or 

2160kgs. Considering the cost of fuel, manpower and overhead costs for transportation per 

single trip that the system is inefficient and not economical. Some time the trucks have no 

cover for waste container and it distributed while travels to disposal site ( Tadess Kuma, 2004). 
 

   2.5.3 Solid waste disposal 
 
 Solid Waste Disposal, the disposal of solid or semisolid materials, resulting from human 

and animal activities that are useless, unwanted, or hazardous (Encarta, 2006). Most of the 

municipal solid waste (MSW) in developing countries is dumped on land in a more or less 

uncontrolled manner. These dumps make very uneconomical use of the available space, 

allow free access to waste pickers, animals and flies and often produce unpleasant and 

hazardous smoke from slow-burning fires. 
  

 Financial and institutional constraints are the main reasons for inadequate disposal of waste 

especially were local governments are weak or underfinanced and rapid population growth 

continues. Financing of safe disposal of solid waste poses a difficult problem as most people 

are willing to pay for the removal of the refuse from their immediate environment but then “out 

of   sight out of mind” are generally not concerned with its ultimate disposal (Chris Zurbrugg, 

2003).There is currently only one open landfill dumping site known as Reppi or "Koshe," 

located 13kms away from the city center. This site has been giving service since 1968. As 

observed in Plate 1 the present method of disposal is erode open dumping; hauling the wastes 

by truck, spreading and leveling by bulldozer and Compacting by compactor bulldozer. 
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Plate 1. Reppi Dumping site . 

  

 The dump site is getting full; it is partly surrounded by residents and institutions and has no 

gas control. The gas generated from landfill causes spontaneous fire and air pollution. It 

contribute enormous amount of methane (green house gas) to the atmosphere. The site has low 

area capacity (25 ha), poor road Connection (Tadesse kuma, 2004). 

 

     2.6 Solid waste recycling/recovery 

  Recycling, being one of the strategies in minimization of waste, offers three benefits: (i) 

reduce the demand upon new resources; (ii) cut down on transport and production energy 

costs; and (iii) use waste which would otherwise be lost to landfill sites.( Vivian W.Y.  

etal.,2005 ) Like in most developing countries, recycling in Ethiopia is practiced informally. 

The collection of recoverable waste is highly organized with its huge network of dealers and 

wholesalers throughout the country. Then there are craftsmen who recycle metal, wood, 

rubber, clay to provide essential goods to great number of customer's nation wide. The nucleus 

of theses activities is Merkato. Recycling is a better alternative to either dumping or burning 

wastes and saves money, energy, raw materials and land spaces. Moreover, it encourages 

individual awareness and responsibility for the waste generated. 
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 In spite of these facts, recycling practices and their importance are discouraged or disregarded 

by the society at large, by the municipal services and by other local authorities in Addis Ababa 

(ENDA, 1999).The Addis Ababa city refuse shows there is very little, less than 10% by weight, 

waste to be recycled like paper, glass, metals, plastics, rubber, bone, and wood (AAHB, 1997). 
A recent study (ENDA-Ethiopia, 1997) has shown that plastic factories would be ready to use 

recovered waste plastic as long as it comes in a form which they can readily use, i.e. sorted, 

cleaned and shredded. Many more waste material could be recycled if the machinery and 

facilities were available. Investment could be oriented towards setting up small enterprises for 

upgrading waste material that can then be sold to manufacturing industries (Enda, 1999).  On 

the local or regional level, waste reduction can be accomplished through the increased use of 

source separation and subsequent material recovery and recycling. Separating waste materials 

at the household level occurs to some extent almost universally, and prevents the most valuable 

and reusable materials from being discarded. Following in-home retention of valuable material, 

waste-pickers currently remove most valuable materials either before garbage enters the waste 

stream or en route, especially in the lower and middle income areas of many municipalities. In 

these instances, there is little need for additional encouragement of recycling. Even in the more 

affluent areas of developing cities, often there are found itinerant “buyers” of waste materials 

such as cardboard and glass. These buyers will help to divert many materials out of the waste 

stream, and illustrate a key point. If recycling materials is an economically viable undertaking, 

small enterprises have been and will continue to spring up whenever there is an opportunity; in 

fact the theft of source-separated recyclable materials has been documented in many pilot 

schemes in both developed and developing nations (UNEP 1996). 
 

2.7 Composting 
 

Composting is the biological decomposition or breakdown of organic waste materials by a 

mixed population of micro-organisms in a warm, moist, aerated environment. 

 This process eliminates or reduces any potential health risks that arises from the presence of 

pathogenic macro-organisms associated with reusing raw organic waste. The high temperatures 

of between 55°C to 70°C normally reached within the compost heap can effectively kill most 

of the pathogens. 
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Composting is an excellent method of recycling biodegradable waste from an ecological point 

of view. However, many large and small composting schemes have failed because not enough 

attention was given to the marketing and the quality of the product (USWMRS, 2002). 

According to Region 14 Environmental Health Bureau (AAHB, 1997), composting and 

methane gas harvesting for energy recovery has been considered as one alternative for Addis 

Ababa's waste recovery. In Addis Ababa, the refuse comprises 30%--35% by weight 

(equivalent to about 90% by volume) constituent organic matters, mainly kitchen wastes and 

abandoned vegetables and grasses which are important sources for waste recovery. In spite of 

this fact, Composting and energy recovery has not yet been tried. There are some composting 

activities (tone by Arada Sub City Environmental Cleaner and Sanitation Department in the 

area commonly called Ferensay Sefere by collecting solid waste in atikelt tera (unpublished 

information from Arada Sub City Environmental Cleaner and Sanitation Department). 
 

2.8 Incineration 
 

Incineration is a process of burning waste at high temperature (900-10000 c) to destroy all 

combustible materials, leaving only ash and non-combustible to dispose of in a landfill. Waste 

incineration has been motivated by the increasing difficulty of finding land disposal sites for 

urban waste. (Mohammed et al. 2003). Wastes with a high water or inert content will have low 

calorific value and thus not be suitable for incineration (USWMRS, 2002). 
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3. OBJECTIVE 
3.1 General objective 

The purpose of this study is to determine the institutional solid waste generation rates 

physical composition and the status of solid waste management of Arada Sub City. 

3.2 Specific objectives 

1. To determine the volume, density, and weight of the institutional solid waste                      

generation per capita per day. 

2. To identify the institutional solid waste physical composition. 

3. To evaluate the status of institutional solid waste management in the of Arada Sub City 
 

4. MATERIAL AND METHODS 
      4.1 Description of the study area 

Arada sub city is one of the central Sub City of Addis Ababa and is located 9° 01' 12" (471000 

m) and 9°.03(476000 m) North latitude, and 38° 44' 9.6" (997000 m) and 38° 46'58" (100,100 

m) East longitude. Addis Ababa has a total area of 540 Km2 (54,000 Ha) (Tilaye Nugussie and 

Mesfin Tilaye" 1998) of which 11.56 Km2 (1156 Ha) area is defined by Arada Sub City 

(AAAMPSC, 2004). 

The altitude of Arada Sub City ranges between 2300 m and 1,500 m .a.s.l (EMA, 1982). The 

lowest and the highest annual average temperature of Addis Ababa, Arada Sub City, are about 

100c and 25°c (Tilaye Nugussie and Mesfin Tilaye, 1998).The climate is divided in to three 

distinct seasons. The period of heavy rains (Kiremt) occurs between June and September, The 

dry period (Bega) is between October and January, and the small rain (Bega) occurs between 

March and May (MAA, 2002). 

According to Arada Sub City information bureau (un published data) there are about 276 

institutional housing unit from which 43.47% is educational center, 41.3% is governmental and 

non governmental offices, 9.8% is bank and insurance, and 5.43% is churches. 
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Figure. 1: Location map of Arada sub-city 
 

Table 6. Institutional establishment category, total number, and sample size. 

No. Institutional establishments 

category  

Total No. in 

Arada Sub City 

Weight given 

proportionally % 

Total sample 

taken 

1 Educational center 120 43.47 26 

2 Offices (governmental non 

governmental) 

114 41.3 24 

3 Bank and Insurance 27 9.8 6 

4 Churches 15 5.4 4 

Total  276 100 60 
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4.2 Sample size determination 

The study is focused on institutional solid waste; the sampling system excluded commercial 

and industrial activities. Institutional solid wastes are wastes that originate from schools, 

hospitals, governmental offices, and prisons (UNEP, 1999). However, the sampling do not 

included hospital because it considered most of the wastes are infectious. 
 

Infectious Waste: 1) Equipment, instruments, utensils, and formats of a disposable nature from 

the rooms of patients who are suspected to have or have been diagnosed as having a 

communicable disease and must, therefore, be isolated as required by public health agencies; 2) 

laboratory wastes, such as pathological specimens (e.g., all tissues, specimens of blood 

elements, excreta, and secretions obtained from patients or laboratory animals) and disposable 

formites (any substance that may harbor or transmit pathogenic organisms) attendant there to: 

3) surgical operating room pathologic specimens and similar disposable materials from 

outpatient areas and emergency rooms. 
 

Institutional Solid Waste: Solid wastes generated by educational, health care, correctional, and 

other institutional facilities. (U.S. Code of Federal Regulations-cfr part 243,1995). According 

to the Arada Sub City information bureau (unpublished information), there are 276 institutions 

in Arada Sub City.  
 

Based on the similarity of the institution in activities (offices, educational centers, bank and 

insurance, churches) and definition of institution, the 276 institutional units stratified in to four 

strata or groups. As the result all 276 institutions described in the definition categorized into 

the four strata or group, the respective percentage proportion in Arada Sub City is presented in 

Table 1. 
 

 For this study the selected sampling method was stratified randomly due to variability of the 

nature of the population under investigation. In this sampling method a heterogeneous unit, 

was divided into non-overlapping groups called strata. Each stratum was defined, so that 

internally it is relatively homogeneous (that is, the variability within each stratum was less than 

the variability observed over the entire population). 
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According to SENES (1999); CIWMB (1990) and USEPA (2002) the strategy behind creating 

strata is to create homogeneous groups so that the variability is better controlled. Therefore, the 

groupings created in this planning stage should attempt to consolidate waste generators that are 

expected to have similar waste compositions. 
 

The value of each stratum was determined based on proportional allocation. In proportional 

allocation, the sampling effort in each stratum is directly proportional to the size of the stratum. 

Then random sampling was conducted within each stratum. This information is summarized in 

Table 1. 
 

The minimum number of samples to be collected should be determined based on the level of 

precision that is desired in the results. The other input in the determination of the number of 

samples was the variability of the results between samples. The variability  for this study can 

estimate by taking pre representative sample. However it is not possible to take pre 

representative sample because of budget constraint and the nature of the research. In the other 

hand estimation of the variability can take from literature surveys, pilot studies, previous waste 

composition studies, waste composition study completed in other jurisdictions (SENES, 1999; 

CIWMB, 1990 and USEPA, 2002). According to these sources the number of samples required 

to achieve a precision objective can be calculated using the following equation. 

 

                                         z2 
α/2 δ2 

                            n =       

                                              E2 

Where: 

n = the number of samples  

zα/2 = the z-statistic for the desired confidence level and the number of samples; 

δ = the standard deviation of the population (from previous studies, or in other comparable 

countries) 

E = the precision requirement or allowable error (i.e. one half the range of the confidence 

interval). 
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A key assumption for use of the sample size equations is that the need of some prior estimate 

of the total study error, measured as the population standard deviation (δ) or population 

variance (δ2). So an estimate of the standard deviation was needed to calculate the number of 

sample that should be taken; but it was not possible to derive that estimate without any 

samples. To resolve the problem it was possible to Use data from a study of a similar site or 

waste stream. The standard deviation of the population from Arada sub city is 0.056 (Yitayal 

beyen, 2005).  The standard deviation of the population from Botswana is 0.143 (Bolaane, et 

al., 2004). The standard deviation of the population from USA is 0.1632 (CIWMB, 1990). The 

desired level of precision was defined based on the available budget and resources. The 

selected Confidence level 99% and with 2% and 5 % allowable error. 
 

       n1 = [2.57 x 0.056 ÷ 0.02 ] 2 = 51.78 = 52 

 

      n2 = [2.57 x 0.143 ÷ 0.05 ] 2 = 54.03 = 55  

 

      n3 = [2.57 x 0.1632 ÷ 0.05 ] 2 = 70.37 = 71 
 

 

So the minimum number of sample size from the total of 276 institutions in Arada Sub City 

that should have been used was 60 institutional centers or units, which is the average of the 

three n-values computed above using different population standard deviation sources. 

According to SENES (1999); CIWMB (1990) and USEPA (2002) precision objectives are 

unlikely to be met for all waste categories due to the high variability for some categories: 

estimates of the number of samples should be reviewed relative to study cost and objectives 

before conducting the survey. However, the precision objective of this study was met as 

planned. 
 

  4.3 Identification of institutional centers for sampling 
 
To identify representative samples of institutions for each institutional categories random 

number was assigned and using simple random table randomization was done for each group 

separately and finally from the total of 276 institutions in Arada Sub City, sixty samples of 

institutions were identified. After that the responsible person was convinced about the study by 

explaining the benefit of the study. 
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 At the same time questionnaires were also filled during field survey. Instead of the non 

cooperative selected institutions other institutions near by area were selected randomly. 
 

  4.4 Preparation of the Sorting Area  
As observed in plate 2 the sorting area was open house to protect the team from bad smell or 

odor, insects and the impact of weather. All sorting and associated working areas were 

ventilated. The open house has a sealed concrete floor and adequate lighting. The area was 

easily accessible by the hand push cart used to transport the waste samples.  

 

 

 

 

 

 

 

 

 

 

           Plate 2: open house solid waste sorting area                             

The following tasks were performed in the sorting area for the analysis:  

♦The 14 plastic bags were clearly labeled with signs corresponding to each of the primary 

waste categories.  

♦Each plastic bag was weighed empty and the weight recorded.  

♦Equipment was laid out according to ease and safety of working.  
 

  4.5. Collection and sorting of institutional waste 
Each selected institutional centre were provided with two or more plastic bags for their daily 

solid waste generation based on the estimation of the amount of solid waste they generated by 

consulting the concerned body. This was to prevent both the overloading of bags and the 

handling of excess weight of materials.   As observed in plate 3 the solid waste was put in the 

labeled 1mx 60 cm plastic bag with the respective sample of institutions name.  
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Waste was placed into clearly marked large plastic sacks so as to avoid confusion. This was 

also allowing the waste to be assigned to a particular institutional category for recording and 

interpreting data. Those plastic bags were collected and transported to the analysis site using a 

labors assigned for this purpose.  

 

 
Plate 3: Collection of institutional solid waste 

 
Plate 4: Sorting of institutional solid waste 

                                 .                                                                              

The sampling program was extended over eight successive days. A waste collected on the first 

day was discarded, because it may be the accumulations of money day and doubtful. Wastes 

collected from the second to the eight days represent one week’s solid waste production. The 

waste was collected each morning for sorting and weighting at sorting house as showed in plate 

4. The collected waste was first weighed to obtain the weight of waste for each institutional 

center. Weighing was carried out three times and an average value was taken.  
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This procedure has been followed throughout the study period.Waste was sorted into 14 plastic 

bag by predetermined components of paper, plastic, glass, metal, food, textile, rubber, wood, 

yard, inorganic, electronic wastes, potentially hazardous waste, special waste, inorganic 

particles less than 50 mm size. After sorting of the oversized material was finished, the table 

was shaken to ensure that everything below 50 mm has fallen through. The material below 50 

mm, which was fallen to the ground, was shoveled up and its weight and volume was 

measured.  
 

Periodically, during the analysis the 14 plastic bags were weighed and then emptied. The 

plastic bags were weighed (three times as before) to record the amount of waste sorted in each 

predetermined categories. Since solid waste density was needed as part of the study, the 

volume of the waste was measured and recorded at this point just by lift and drop the plastic or 

wood bucket container five times to allow the waste to settle. Finally fourteen plastic 

containers were emptied into disposal facilities prepard for this work and these processes were 

continued until all waste sorted out.  
 

   4.6 Statistical Data analysis 
 SPSS 13 (Statistical Package for Social Science) was used for the analysis of institutional solid 

waste generation and composition data. Questionnaire was also summarized as per the required 

condition. The average institutional solid waste generation rate by weight, volume, per 

institutional sector and per employee were calculated for the following institutional category: 

offices, educational center, bank and insurance, and churches. Institutional solid waste Per 

capita per day and the sum of institutional, commercial, domestic solid waste generation rate of 

Arada sub city by weight and volume were also calculated.  

    4.7 Materials and instruments 
To carry out the analysis a number of items of equipment like hand protective plastic gloves 

for handling, hand push cart for transport of waste, scales capable of weighing up to 100kg, 

smaller range scales for detailed analysis, wood container with 11.895 m3, 4.13075 m3, 

139.968 m3, 94.392 m3 for volume measurements, three 1m2 wire mesh or Sieve / screen to 

separate waste with less than 10 mm particle size, 10 mm thick blue plastic sheets to cover the 

floor, plastic bag for collection and sorting of solid wastes.  



 36 

 

Trash bag for collection of already processed wastes, video and digital cameras to record the 

research process and field observation were used. 

5. Limitation of the study 
 Some of institutions which were select as a sample in the Sub City were change their location, 

especially the non governmental organization, so in stead of the selected institutions other 

similar institutions have been chosen. This may affect the random nature of the group. Some of 

the governmental organizations were not willing to fill the questionnaire, some time it took 

more than one day in one organization. 

The selected samples of institutions were too far from the sorting area due to the random nature 

of the sample. Therefore we have to spend additional cost for transportation.  There were also 

some major limitations of the method that may affect the results of this study in some ways. 

First, waste generation rate and composition depend on external factors, such as climate, 

seasons, and location. So the result may vary if repeated in different climate, season and 

location.  
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   6. RESULTS AND DISCUSSIONS 

6.1 Solid waste generation rate by weight and volume 

During the study, the mean daily solid waste generation rate by weight and volume of 60 

samples of institutions was directly measured for 7 days and the mean of the seven day for 

each 60 samples  were taken and summarized in Table 7. 

Table 7. Mean weight and volume of the group A, B, C, and D. 

 
 

 The Letters A, B, C, & D Represent The Group Of Organizations. Offices, Educational 
Centers, Bank and Insurance, and Churches Respectively.  
     

    GROUPS      

 A  
B C D Total and 

mean weight 
Total and mean 
volume 

 W(Kg) V(cm3) w(Kg) v(cm3) w(Kg) v(cm3) w(Kg) v(cm3)   
 0.47 12978 1.22 2705.4 3.07 5105.5 1.21 8081.8   
 1.61 50467 2.70 21038 0.50 11578 0.76 21698   
 1.42 56461 3.32 11813 0.98 10901 1.86 17469   
 0.14 60358 3.32 5327.9 0.73 15521 1.51 9233.8   
 1.82 40052 3.47 10407 1.24 10544     
 0.27 5654 2.90 2500.3 0.70 13311     
 1.67 5747.1 0.72 10247       
 1.38 70037 0.69 24173       
 2.35 52240 3.67 40736       
 2.27 13503 3.38 44610       
 2.99 79752 1.15 10495       
 0.28 2162 4.68 4480.9       
 0.87 45820 0.19 6281.6       
 1.32 51034 2.93 11273       
 0.29 3234.7 3.07 3009.1       
 0.409 38804 1.43 3429.2       
 0.21 18931 2.803 1719.4       
 0.89 63176 2.33 57389       
 0.36 7212.6 2.44 3324       
 0.18 20686 0.60 1102.6       
 1.039 14260 1.87 13189       
 5.416 6408.2 0.57 8301.5       
 1.87 105944 0.68 7459.8       
 0.616 17109 2.26 6181.8       
  30094 0.74        
  23097 2.05        
TOTAL 30.16 895223 55.04 311194 5.379 66960 4.938 56482 95.511 1329859 

NUMBER  OF   
SAMPL SIZE 24 26 26 24 6 6 4 4 60 60 

MEAN 1.26 34431.6 2.11 12966.41 0.89 11160 1.2345 14120.5 1.59 22164.31 
           
GRAND         1.59 22164.31 

MEAN           
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6.1.1. Solid waste generation rate by weight 

  As shown in Table 8, the total number of institutions in Arada Sub City is 276 and the total 

sample taken out of the total institutions is 60, the total mean weight of solid waste generation 

per employee per day is 0.03 kg. In addition, the mean weight of solid waste generation per 

employee per day for group A, B, C, and D is 0.0163, 0.0375, 0.0282, and 0.0411, 

respectively. Moreover, the total solid waste generation per day from institutions of Arada Sub 

City is 439.33kg. 

Table 8. Institutional solid waste generation in Arada Sub City per institutional center and per 

employee. 
Group Total no of 

organizations 

in Arada Sub 

City in each 

group 

Average no 

of employee 

Mean weight of solid 

waste generation per 

day per institutional 

unit in Kg 

Mean weight of 

solid waste 

generation per 

day employee in 

Kg 

Total solid 

waste 

generation 

per day 

offices 114 77.12 1.2565 0.0163 143.241 

Educational 

center 

120 56.34 2.1153 0.0375 253.836 

Bank and 

insurance 

27 31.7 0.8965 0.0282 24.2055 

churches 15 30.0 1.2345 0.0411 18.5175 

Total 276 48.79 1.5918 0.03 439.33 

 

Based on the proportion of the organizations the data is stratified into four strata (A, B, C and 

D) as shown in Table 8 and is analyzed in CRD (Complete randomized design) in unequal 

replication by using ANOV A ( analysis of variance) a~ shown in Table 9. 
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Table 9.The Analysis of variance (ANOVA) of mean generation rate by weight 
Source of 

variation 

Sum of 

squares 

df Mean 

square 

F-

Calculated 

sig F- Tabulated 

5%  

Between 

groups 

 

With in groups 

 

 

Total 

13.274 

 

 

70.759 

 

 

84.033 

 

3 

 

 

56 

 

 

59 

4.424 

 

 

1.264 

3.502 0.021 2.76        

 

  Analysis of the data of unequal mean generation rate by weight of different groups of 

organization is presented in Table 9.The result shows that there is a significant mean variation 

with in the groups than between the groups. 
 

 F-calculated is greater than F-tabulated at 5% significant level, (in Table 9).This implies that 

there is significant difference between the groups mean. The difference has not been created by 

chance. It is the result of the nature of the groups (office, educational center, Bank and 

Insurance and churches).  

       Table 10.mean and standard deviation generation rate by  weight                               
 N Mean Standard 

deviation 

Standard error variance 

A 24 1.2566 1.19489 0.24390 1.428 

B 26 2.1168 1.20978 0.23726 1.464 

C 6 0.8965 0.29883 0.12200 0.089 

D 4 1.2345 0.54315 0.27158 0.295 

Total 60 1.5919 1.19343 0.15407 1.424 
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Ninety five percent confident level interval for 60 sample shows that an average waste 

generation rate in kilogram is 1.59. This has been depicted in Table 10. The standard 

deviations of the total sample in Table 10 are 1.19343. Similarly, the standard deviation for 

group A, B, C, and D is 1.19489, 1.20978, 0.22883 and 0.54315, respectively. The highest 

standard deviation is observed in-group B (1.2097&), and the least is observed in-group C 

(0.29883).This is because the sample size in-group B (educational center) is very high which is 

26 compared with the other groups. However, the sample size in-group C (bank and insurance) 

is very small which is 6. The presence of small standard deviation in-group C (0.29883) shows 

that the dispersion of individual value from the mean in-group C is very low. Similarly, the 

presence of high standard deviation in-group B (1.20978) shows that the dispersion of 

individual value from the mean in-group B is very high. 

Figure 2. The mean weight of each group of organization. 
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As shown in Figure 2 the educational center has the highest mean comparing with all others. 

This is because by nature, educational center has more activities and the number of customer 

visiting in day-to-day activities is more than the other groups. Offices and churches show 

almost similar mean. On the other hand, bank and insurance show the least mean than the other 

groups. 
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Table 11.The least significant difference (LSD) generation rate of weight. 
(i)organization (j) organization Mean Difference(i-j) Std.Error Sig. 

A B -0.86020* 0.31819 0.009 

C 0.36008 0.51307 0.484 

D -0.02208 0.60707 0.971 

B A 0.86020* 0.31819 0.009 

C 1.22028* 0.50911 0.020 

D 0.88228 0.60373 0.149 

C A -0.36008 0.0.51307 0.486 

B -1.22028* 0.50911 0.020 

D -0.33800 0.72559 0.643 

D A 0.02208 0.60707 0.971 

B -0.88228 0.60373 0.149 

C 0.33800 0.72559 0.643 

• The mean difference is significant at the .05 level 

 

Table 11 shows that there is significant difference between the groups mean of A and B and B 

and C.The mean difference between organization A and B is negative but between  B and A is 

positive. This indicated that the mean generation rate of group B (educational centres) is higher 

than that of A (offices) .Similarly the mean difference between B and C is positive but it is 

negative between C and B. This also implies that the mean generation rate of group B is still 

higher that of group C (Bank and insurance) .The difference is not by chance instead may be 

due to the nature of the organization. The mean difference between A, B, C with D do not 

show significant difference. This implies that the organization D (Churches) produce almost 

similar solid waste with the rest three organizations. The reason may be more number of 

people visits the church for pray, for the celebration of holily days for meeting to resolve 

disputes; people use the churches to assemble of eder members from different areas. 
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As shown in Table 7 the mean solid waste generation rate per day from total sample is 

95.51kg.also in Table 8, the mean solid waste generation rate per day per institutional centers 

is 1.59 Kg, and the mean solid waste generation per day per employee is 0.033 kg. 
 

From unpublished data in Arada Sub City information bureau total number of institutions in 

Arada Sub City is 276. By multiplying the mean solid waste generation per day per 

institutional center with total number of institutions, the total solid waste generation rate per 

day from institutional centers in Arada Sub City becomes 439.33 kg (0.439t). Total solid waste 

generation per day from residential source in Arada sub city is 49t (Yitayal Beyene, 2005). 

And total from commercial center is 204.98t (Samuel Similes, 2006) and then by sum up these 

three results we can say that the total institutional, commercial and Residential solid waste 

generation rate per day in Arada sub city is 254.4t. According to the 1993/94-population 

census, the population of Arada sub city was estimated to be 297,942 at a growth rate of 3.79 

%. Thus the present population of Arada sub city can be estimated as follows. 

P” = P (1+r) t  

Where; 

P’’ = the present population 

P   = the previous population before t years = Growth rate of the population 

t = year interval in between P and P’’. 

P” = 297942(1+0.0379)13     

P” = 483229   
 

 By dividing the total solid waste generation which is 439.33 kg by estimated population 

(483229) the per capita per day in kg from institutions in Arada Sub City is 0.009, for 

commercial is 0.44 (Samuel Shimilis, 2006) and for residential is 0.119 (Yitayal Beyene, 

2005).the total institutional, commercial and residential solid waste generated per capita per 

day in kilogram is the sum of the above three, which is equal to 0.56kg. This result does not 

included open land and street. It considered only residential, commercial and institutional solid 

waste in Arada Sub City. 
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6.1.2. Solid waste generation rate by Volume 

Table 12 is extracted from Table 7 in order to measure mean volume of solid waste generation 

per day per employee in cm3, and the total volume of solid waste generation per day. 
 

Table 12.Total solid waste generation rate per employee per day per institutional center in 

Arada Sub City. 
Group Total no of 

institutions in 

each group 

Average no 

of employee 

Mean weight of solid 

waste generation per 

day per institutional 

unit in cm3 

Mean weight of 

solid waste 

generation per day 

employee incm3 

Total solid waste 

generation per 

day 

A 114 77.12 12966.42 168.13 1478171.49 

B 120 56.34 34431.65 611.14 4131798.46 

C 27 31.7 11160 352.05 301320 

D 15 30.0 14120.50 470.68 211807.5 

Total 276 48.79 22164.32 440.04 6117351.38 

 

The letters A, B, C & D represent the group of organizations: offices, educational centers, 

Bank, Insurance, and churches respectively. 
 

As shown in Table 12 the total mean volume of solid waste generation per day per 

institutional unit is 22164.32 cm3.The mean volume of solid waste generation per day per 

employee of the group A, B, C, and D are 12966.42, 34431.65, 11160, and 14120.5 in cm3 

respectively. The mean volume of solid waste generation per day per institutional unit of 

educational center (34431.65) is more than the other groups. This difference is because by 

nature educational center have more number of customer and higher day-to-day activities than 

the other groups. 
 

 when we compare the total mean solid waste generation per day per institutional centers 

(22164.32 cm3) in Table 12 with total mean solid waste generation per day per commercial 

center 47,320.5cm3 (Samuel Shimilis,2006), the commercial center show 25156.18 cm3 

difference, this is because the economic activities in the institution are less than the 

commercial center. 
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Table 13. Mean and standard deviation of generation rate of volume. 

 N Mean  Standard deviation Standard error of mean variance 

A 24 12966.40  14743.01 3009.40 2E+008 

B 26 34431.66 27439.46 5381.32 8E+008 

C 6 11160.00 3490.53 1425.00 IE +007 

D 4 14120.61 6556.88 3278.44 4E+007 

Total 60 22164.32 22900.19 2956.40 5E+008 

 

As shown in Table 13 at 95% confident level interval the standard deviations of group A, B, C, 

and D is 14743.01, 27439.47, 3490.53 and 6556.88, respectively. The highest standard 

deviation is observed in-group B (27439.46), and the least is observed in-group C 

(3490.53).This is because the sample size in-group B (educational center) is very high which is 

26. But the sample size in group C (Bank and Insurance) is very small which is 6. The presence 

of small standard deviation in-group C (3490.53) shows that the dispersion of individual value 

from the mean in-group C is very low. Similarly, the presence of high standard deviation in-

group B (27439.46) shows that the dispersion of individual value from the mean in-group B is 

very high. 

Figure 3. Mean volume of each group of organization. 
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As shown in figure 3 the educational center has the highest mean than the other three groups. 

This is because by nature, educational center has more activities and the number of customer 

visiting in day-to-day activities is more than the other groups. 

 

Table 14. Analysis of variance (ANOVA) for volume.  

Source of 

variation 

Sum of 

square 

df Mean square F-

Calculated 

sig F-

Tabulated 

5% 

Between groups 

 

With in-groups 

 

 

Total 

 

7E+009 

 
2E=010 
 
 
 
 
3E+010 

3 

 
56 
 
 
 
 
59 

2309499253 

 
428789238.2 

5.386 0.003 2.76 

 

Analysis of the data of unequal mean generation rate by weight of different groups of 

organization is presented in Table 13.The result shows that there is a significant mean variation 

with in the groups than between the groups. 

 

As shown in Table 14, F - calculated is greater than F - tabulated at 5% significant level, this 

implies that there is significant difference between the groups mean of institutions which does 

not come by chance instead due to the nature of the group ( office, educational center, bank and 

insurance and churches). 
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TABLE 15.The least significant difference (LSD) for volume 

(i)organization (j) organization Mean Difference(i-j) Std.Error Sig. 
A B -21465.261* 5861.579 0.001 

C 1806.40879 9451.513 0.849 
D -1154.2012 11183.18 0.918 

B A 21465.261* 5861.579 0.001 
C 23271.670* 9378.527 0.016 
D 20311.060 13366.46 0.073 

C A -1806.4088 11183.18 0.849 
B -23271.670* 11121.56 0.016 
D -2960.6100 13366.46 0.826 

D A 1154.20121 11183.18 0.918 
B -20311.060 11121.56 0.073 
C 2960.61000 13366.46 0.826 

 

• The mean difference is significant at the .05 level. 
 

.As shown in Table 15, there is significant difference between the mean of group A and B and 

between B and C. The mean difference between A and B is negative which is -21485.26. But 

the mean difference between B and A  is positive (21465.26).This implies that the generation 

rate of group B ( educational center) is more than group A.Similarly, the mean difference 

between B and C is positive (23271.67). But the mean difference between C and B is negative 

(-23271.67). This implies that the generation rate of group B is greater than group C. 
 

 As shown in Table 7, the mean volume solid waste generation per day from total sample is 

1329859 cm3. And also in Table 12 the mean solid waste generation per day per institutional 

centers is 72678.57 cm3 and the mean solid waste generation per day per employee is 440.05 

cm3. From unpublished data in Arada Sub City information bureau the total number of 

institutional units in Arada Sub City is 276. By multiplying the mean solid waste generation 

per day per institutional center with total number of institutions, we can see the total solid 

waste generation rate per day from institutional centers is Arada Sub City, which is 

6117351.38 (6117.35lt) cm3, or (20059.28lt).  
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Total solid waste generation per day by volume from domestics sources in Arada Sub City is 

280,812.3 lt per day (Yitayal Beyene, 2005) and from commercial center is 633907.6 lt 

(Samuel Shimilis, 2006). Then by adding the above three results (Institutional,Residential and 

Commercial) the total generation rate per day in Arada Sub City is 934779.19lt. 
 

According to the 1993/94 population census, the population of Arada Sub City in 2007 is 

estimated to be 483229.43 at a growth rate of 3.79 %. By dividing the total generation rate per 

day (934779.19 lt) with estimated number of population in 2007 (483229.43), the per capita 

per day in liiter for institutional sector becomes 0.041 lt. The per capita per day in liter for 

commercial sector in Arada Sub City is 1.36 lt ( Samuel Shimilis,2006) and residential is 0.81 

lt (Yitayal Beyene,2005).By adding the above three results, the total per capita per day in litter 

is equal to 2.2 lt in Arada Sub City taking into account institutions, commercial and residential 

sectors.The density of the institutional solid waste can be calculated by dividing the total 

institutional solid waste weight by total volume, which is 21.9 kg/m3. Similarly, the density of 

the residential ,commercial and institutional solid waste is 133.97 kg/m3. 

 

Table 16..Summery of solid waste generation rate result 

Generation type amount 

Kg/employee/day 0.033 

Kg/capita/day 0.56  

Cm3/employee/day 440.0494 

m3/employee/day 0.044 

Lt/capita/day 2.2 

Density(kg/m3)/employee/day 74.9 

Density(kg/m3)/capita/day 278.13 

 
The total domestic and commercial solid waste generation rate is 19.3 % and 80.7 % 

respectively. (Samuel Similis, 2006).  
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The total solid waste generation rate from commercial, residential, and institutional sectors is 

254.41 tones. In addition, the total solid waste generation rate from institutional center in 

Arada Sub City is 0.439t, which is 1.7%. 
 

 In Arada Sub City, there are 79 municipal containers with 8 m3 carrying capacity and 96 

municipal containers with 1.1 m3 carrying capacity, and there are 9 trucked which are being 

used with Gulele sub city. All these materials are now serving 465,584 people in Arada Sub 

City (AASBRDA, 2003). This means that all containers together can accommodate 737.6 m3 

of solid waste (AASBRDA, 2003). However, the volume of solid waste from institutional, 

commercial, and residential source in Arada sub city is 934.8 m 3 per day. From these data, it 

can be concluded that the daily solid waste generation rate from institutional, commercial, and 

residential source, which is 934.8 m 3 in Arada sub city by far greater than the carrying 

capacity of the available municipal containers, which is 737.6 m3. From these data it is possible 

to conclude that the present number of municipal containers can collect only about 78.9 % of 

the total solid waste generated from institutional, commercial, and residential source per day. 
 
Table 17.comparism of solid waste generation with different sources. 

Study source Weighted mean 
Capita/day 
generation 
Liters             kilogram 

Weighted mean 
Density,kg/m3 

Norconsultant(1982) 0.40 0.150 370 (wet season) 
Sturdy gordon(1994) 0.65 0.221 336(wet season) 
Abera Kumie(1996) 0.44 ? 175 (dry season) 

0.41 ? 306 (wet season) 
Addis Ababa 
university(1993) 

0.48 0.111 230 (wet season) 

Sturdy Gordon(1995) 1.23 0.252 205(dry season) 
French Mission(1986) 0.65 0.200 308 (wet season) 
 The result of the study 2.2 0.56 278.13(dry season) 

           Source: Addis Ababa Administration Health Bureau (1997) 
 

 

As shown in Table 17 there was great increment in weight mean per capita/day generation in 

liters and kilogram starting from 1982 research, which was conducted by norconsultant up to 

1986 research which was conducted by French mission. 

 



 49 

 Even though it is very difficult to compare the above study with the result of Arada Sub-City, 

the current study conducted in Arada Sub-City has shown that there is great increment in 

generation rate per capita per day. This increment may be related to demographic and socio 

economic conditions of the population. 
 

As shown in Table 18, the comparison of solid waste generation rate of Arada Sub City with 

other cities in the developing and developed world, the generation rate per capita per day in kg 

in Cairo (0.5), kano Nigeria (0.46), Middle East (0.413) are less than Arada Sub City (0.56). 

Similarly the solid waste generation per capita per day in litter of Arada Sub City (2.2) is more 

than some of the cities in the world like Cairo(1.5),Kano (1.8),Kampala (l.78),Middle East(0. 

73). This may be attributed to difference in socio-economical developments between countries. 
 

Table 18.Comparism of solid waste generation of Arada Sub City with other cities of the 

world. 

City or country Generation per capita per day Density , kg/m3 
 Liter  Kg   
Arada sub city ∗ 2.2 0.56 278.13 
Moscow  1.37 5.48 400 
Addis Ababa  0.45 0.15 370 
Cairo  1.5 0.5 3.30 
Kano, Nigeria  1.8 0.46 250 
Kampala  1.78 0.5 450 
Middle cast  0.73 0.413 570 
Indian cities  1.12 0.4-0.5 350-500 
New York  18 1.8 100 
UK 6.4 0.845 132 
 

∗The result of this study 

Source: The data is taken from Addis Ababa Administration Health Bureau (1997). 
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6.2 physical composition 

Table 19.Composition of Arada Sub City institutional solid waste physical compositon. 

type 
 

 
% by volume %by weight 

paper 92.92 79.11 
plastic 0.95 1.41 
glass 0.0037 0.25 
 metal 0.01 0.75 
Food waste 0.51 9.10 
Textile/leather 0.021 .73 
Rubber 0.0036 0.24 
wood 0.05 1.45 
Yard waste 5.50 4.65 
inorganic 0.0179 1.12 
electronics 0.00171 0.089 
PHW(potentially hazardous 
waste) 0.0088 0.56 
Special waste 0.00936 0.54 
total 100 100 
<50mm   

 
From the Table 19 it can seen that the highest portion by weight is paper (79.11% ) followed 

by food waste (7.65%), yard waste (6.10%), plastics (1.41%), and inorganic (1.12%).Similarly, 

if we compare the collected waste composition in terms of volume, paper has (89.92%) 

followed by food waste (4.91%), yard waste (4.10%) and plastics (0.95%). The presence of 

high proportion of paper in the institutions has showed that there is great potential for the 

substitute of energy in the Arada Sub City if it is properly sorted out at the source.Generally, 

from Table 19 the organic matter (food waste and yard waste) is about 13.75% by weight and 

9.01 % by volume. Recyclable fraction (leather, glass, metal, textile, paper, rubber, wood and 

plastic) takes about 93.96%, by volume and 4.6% by weight. 
 

Non compostable fraction (inorganic, electronics, glasses, textile, rubber, leather and plastics) 

has about 1%, by volume and 4.6% by weight. PHW (ink, carbon papers, inked papers, and 

inked textile, soaps) has 0.01% by volume and 0.56% by weight. Especial waste has about 

0.009% by volume and 0.54% by weight respectively. 

 Since 98.98% by volume and 94.31 % by weight of the solid waste composition in Table 19 is 

(paper, food waste, yard waste and wood), it can be used for composting purposes. 
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As shown at Table 19, the recyclable wastes that are leather, glass, metal, textile, paper, rubber, 

wood, and plastic constitute 82.3% by weight and 93.96% by volume from the total wastes. 

This implies that if the solid wastes are sorted out at the source place, they can be converted 

into income generating materials. This may help the Sub-City to be able to reduce the burden 

of waste management problem and to create job opportunities for poor people by engaging in 

the recycling business. However, recycling of solid wastes have not been practiced in the Sub-

City. If we see the practice of the selected industries and institutions in Addis Ababa, we come 

to know that they have different practices in relation to waste treatment. However, in relation 

to disposal of wastes they have the same practice, which is using public containers (ENDA 

Ethiopia, 1999). 

 

Figure 4. Physical composition percentage by volume. 
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Figure 5. Physical composition percentage by weight 
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As shown in Figure 4 and 5 papers depicted the highest mean value portion by volume and 

weight. This implies that there is great amount of paper generation in the institutions followed 

by food waste and yard waste. This result indicated that an institution by nature has the 

potential of generating recyclable waste like paper, food waste yard waste. 
 

As shown in Table 19 non-compostable like, batteries, textile leather, plastics, metals, glasses 

and rubber take only 1 % by volume and 4.6% by weight. This information implies that there is 

great potential in the preparation of compost in the institution of Arada Sub City. Similarly, 

during separation there were also especial wastes like ashes, sewage solids, treated medical 

waste like tablet and syringes. These may be from emergency clinical services of different 

organization like schools (Table 19). 

. 

From Table 19 it also shows that potentially hazardous waste is 0.01%, by volume and 0.56% 

by weight. The particle size is less than 50mm, which is only 5.3% by weight and 1.2% by 

volume (Table 19). This research result indicates that there is less potential for decomposition 

of the waste. However, the most vital of all, a reduced particle size increase the biochemical 

reaction rate during aerobic composting process and the most desirable particle size for 

composting is less than 2 inch (50 mm), but larger particles can be composted (Tchobanoglous 

et al., 1993). 
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Table 20: The comparison of institutional, commercial, domestic and municipal solid waste from 

different source 

  Addis Ababa and other cities 

Waste fraction or 

categories 

Arada sub city 

Addis Ababa 

percentage by 

weight (%) 

Addis Ababa 

Municipal 

solid waste 

Gordon,1995 

(%) 

Indian 

cities(%) 
US 

cities

(%) 

Uk Cities(%) 

food 52.22 - - - - 

paper & cardboard 30 3.37 7.6 30 37 

yard 6.28 - 15.5 10 1 

plastic 2.97 1.98 - - - 

metal 2.40 1.18 0.6 10 9 

less ten particle size  - - - - - 

glass 0.49 0.8 0.6 10 9 

potentially hazardous 

waste 

0.3 - - - - 

inorganic 0.47 - - - - 

textile and leather 0.92 1.41 - - - 

wood 1.06 2.29 - - - 

special wastes 0.23 - - - - 

electronics  0.08 - - - - 

rubber 0.09 0.28 - - - 

mis. organics - - - - - 

combustible  - 22.63 - - - 

non- combustible - 2.96 - - - 

fines< 10mm - 28.04 - - - 

10 <fines <55mm - 31.43 45.6 10 10 

vegetable - 2.9 28.3 20 28 

bone - 1.62 - - - 

rubber and plastic - - 1.8 10 6 

total 100 100 100 100 100 

Sources of information The result of 

this study 

Addis Ababa Administration Health bureau, 1997. 
 

 



 54 

 
Table 21.Solid waste generation rate of different group by volume and weight. 

group  Offices  Educational center  Bank and insurance  Churches 

 %w %v %w %v %w %v %w %v 

Paper 54.6 74.70 61.1 79.6 78.11 85.9 51.8 66.56 

Plastic  11.2 4.6 7.17 8.9 11.8 8.1 12.74 7.13 

Glass 0.02 1.8 0 0 0 0 0 0 

Metal 0.145 0.5 0.16 0.4 0 0 0 0 

Food waste  14.36 6.7 10.22 15.3 9.2 13.36 15.8 11.8 

Textile 3.53 0.49 3.5 0.72 0.32 2.9 4.3 3.98 

Rubber 0.27 0.144 0.176 0.039 0 0 0 0 

Wood 1.4 0.69 4.3 3.3 0 0 0 0 

Yard waste 6.3 3.9 4.0 2.74 0.77 1.56 13.2 8.9 

Inorganic 2.98 0.90 3.3 1.4 0.51 1.44 0 0 

Electronics 0.8 0.62 .05 .5 0 0 0 0 

Potentially 

hazardous 

waste 

1.34 

 
  

2.5 3 0.46 0.33 0.99 0 0 

Especial 

waste 

2.99 5.43 2.22 0.396 0 0 2.3 1.7 

< 50 mm 4.2844 5.9871 4.0101 5.4082 5.6972 7.0060 3.8961 6.9630 

Total 100 100 100 100 100 100 100 100 

 

As shown in Table 21 solid waste generation rate in office is mainly dominated by paper waste. 

It takes the largest share (54.6% by weight and 74.7% by volume), followed by food waste 

11.2% by weight, 6.7% by volume. The reason for dominancy of the paper may be the nature 

of the organizations and the use of paper for office activities. The municipality shall better 

promote recycling by making arrangements with industries that can use recovered materials for 

instance paper, so that they will be an out let where recyclable material collectors can sell 

collected materials. 
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 Food waste and yard waste also present in the office; the food wastes are usually due to the 

presence of cafeteria, which supplies food and soft cakes for the worker in the office. The 

presence of garden and different kinds of trees in the compound of office has caused the 

dominance of yard waste. 
 

Like that of office in the educational center the dominant solid waste component is still paper 

61.1 %, by weight and 79.6% by volume, followed by food waste, plastics and wood (Table 

26) this is because most of the activities in the educational center is related to 

paper.Dominantly generated composition of solid waste in banks and insurance of Arada Sub 

City is paper 78.11 %, by weight and 85.9% by volume; followed by food waste and plastic 

respectively (Table 21). There is also hazardous waste like carbon paper generated from 

banking activities. 
 

As shown in Table 21 in the churches of Arada Sub Cites, the majority of the composition is 

soft paper  which is 8% by weight and 66.56% by volume .Followed by the food waste 15.8% 

by weight and 11.8% by volume, this is may be due to the religious ceremony so called cenbeta 

and nebesyemar. In addition, yard waste 13.2% by weight and .9% by volume. This is because 

of the presence of old trees inside the churches. In all the group of organizations the presence 

of particle size which is less than 50mm (>2inches) is almost similar. This may be because of 

dominancy of paper and plastic. However, lack of small size is not necessarily meant less 

decomposable, because the nature of most of the paper in the institutions is soft and easy to 

degrade. 
 

6.2 Waste handling and storage at sources 

The study contains two measurement parameters: physical measurement and questionnaires. 

The physical parameter measured the weight and volume. And the questionnaires tried to 

evaluate handling and storage of solid waste in the institutions of Arada Sub City. In Arada 

Sub-City there are 32 Micro Enterprises engaged in primarily collection or pre-collection 

from residential, commercial, institutional center and household units to municipal containers. 

In addition to this, the Sub City Cleaner and Beautification Department supply containers and 

dump into disposing site by their own truck (Arada Sub City Information bureau).  
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During the survey, different people from same organization were asked the same questions. 

The responses are summarized in Table 22. 

Table 22.Type of solid waste storage 
Type of storage frequency percentage 

basket 24 40 

Basket and field 16 26.7 

Basket and container 15 25 

Basket bin 5 8.3 

Total 60 100 

As shown  in Table 22 from the total of 60 institutions only 40% store the solid waste 

temporarily in the basket, 26.7% store in the basket and field, 25% of institutions store their 

solid waste temporarily in the basket and container until the municipality or pre collectors take 

to the dumping site. In addition, 8.3% of institutions use basket bin for temporary storage. 

 In the similar survey various people from the institutions were asked which institutional solid 

waste is reused. The responses are summarized in Table 23. 

 Table 23. Reuse of different materials in the institution of Arada Sub City 
Type of solid waste frequency percentage reasons 
Desk(wood& metal)  17 28.3 For maintenance, 

construction and 
reinforcement of desks 
and fence  

Metal 7 11.7 For maintenance purpose 

wood boards 8 13.3 Reinforcement of window 
and door  

Computer 
accessory 

4 6.7 Maintenance of computers 

Not reuse at all 24 40  

Total 60 100  
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Different organization reuses the solid waste for different purpose. As indicated in Table 23, 

28.3% of the organizations reuse wood and metal pieces for maintaining furniture like desks. 

Among the institutions 11.7% use metal for maintenance purpose; 13.3 % of the institutions 

reuse wood boards for reinforcement of window and door. Institutions, which contain 6.7 % of 

the respondents; reuse computer accessory for maintenance of computer. In addition, 40% of 

the institutions do not reuse any materials. 
 

The selected respondents from each institutions were interviewed whether their organizations 

have practiced incineration or not, and if there is incineration, is it practiced at secured place or 

not. As shown in Table 24 from the respondents, thirty five percent respond yes there is 

incineration at secured place. It is done at open field. This idea is also supported in plate 5, 

which shows incineration of the solid waste on the open land. In addition, 53.3% of institutions 

perform incineration practices. This is huge proportion, which implies the possibility of 

pollution in the city in the future. 
 
 Table 24. Incineration and their correspondent frequency.    
Incineration system frequency percentage 

Incineration with prepared place 21 35% 

Incineration with out prepared place 7 11.7% 

No Incineration practice 32 53.3% 

Total 60 100 
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Plate 5: Incineration on open land               plate 6: burning in incineration plant. 
 
 

The questionnaires were also distributed to the concerned bodies in the organizations about 

their suggestions in the management of solid waste related to their organizations. As shon in 

Table 25. Out of 60 institutions 21.7% suggested the existing system is acceptable; 35% 

suggested the solid waste collection should be handled by private organizations. While 20% 

suggested that, there should be organization that supply containers for the institution and empty 

the full containers. The result also showed that 10% suggested there should be availability of 

communal containers in the near by area. Moreover, 5% said that there should be incineration 

plant. Finally, 8.3% were not interested to give suggestion. 

Table 25. Recommendation from institutions. 
recommendation frequency percentage 

The existing system is acceptable 13 21.7 

Private pre collector 21 35 

Organization supply container and 

empty the full container 

12 20 

Container in the nearby area 6 10 

Incineration plant 3 5 

No recommendations 5 8.3 

Total 60 100 
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7.4 Field observation 
  As shown in plate 7, some of the organizations dump the waste into the rivers. This activity 

pollute rivers. On the other hand, as shown in plate 8 due to the absence of containers, some of 

the organizations have thrown their solid waste on the open field. In the other situation in plate 

9, some of the organizations containers are filled beyond their capacity and waste have been 

scattered on the ground. This brings obnoxious odors originating from decomposing solid 

waste. Similarly, the overflow of the waste indicates that the capacity of the municipality to 

take off containers is limited. Some of the institutions have prepared incineration container 

(shown in plate 10) 

 

 
Plate 7.Dumping of waste into the river              Plate 8.Solid waste on the field 
 

         
Plate 9. over flowing of waste                              Plate 10. Burning of waste 



 60 

8. CONCLUSION AND RECOMMENDATIONS 
 
8.1 Conclusion 
 The result of the study shows that the per capita per day of institutional, commercial, and 

residential solid waste in Arada Sub City is 0.56 kg.  By weight and 2.2 lt by volume.  When 

we compare the result with some other countries result and the study conducted in Addis 

Ababa before ten years by Nor Consultant (1982), the result of this study shows significant 

increment in generation rate per capita per day by weight and volume,than studies conducted 

before ten year by Nor consultant and French missionary.  However, the management capacity 

of the municipality has not shown improvement to handle such increment.  This indicates that 

there are certain works to be carried out by the government to protect the health of the citizen 

and the environment from pollution in relation to waste management. 
 

 From the result of the study, the total volume of solid waste generation rate per day in Arada 

Sub City is 934.8 m3 .However, the capacity of all containers in Arada Sub City can only 

accommodate 737.6 m3 solid waste (AASBRDA, 2003).  From this result, we can conclude 

that there is a gap in the supply of containers and in the generation rate of solid waste. This 

implies that every day 197.2 m3   amount of solid waste is left uncollected. 

The highest amount of solid waste that constitutes 61.1 % by weight and 79.6 % by volume of 

paper is generated from educational centers.  From this, we can conclude that there is a great 

potential for fulfilling the energy demand of the Arada Sub City   
 

The highest percentage of solid waste composition by weight and volume in the institutions of 

Arada Sub City is paper  followed by food waste and yard waste.  This information helps us to 

conclude there is a great potential of recyclable and compostable waste. Therefore, the 

municipality should prepare especial place for recycling, composting of waste.As a result, the 

burden on the single landfill site will be reduced, and the environment will be protected from 

pollution. 
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Most of institutional solid waste disposal is handled together with domestic and commercial 

waste of Arada Sub City, which increases the burden in the management of the solid waste of 

the Addis Ababa city in general and Arada Sub City in particular. 
  
The study also showed that 35 % of the organizations in Arada Sub City practice incinerations 

at prepared place and 11.7 % of the institutions practice incineration without prepared place. 

From this, we can conclude that there is high probability of creating environmental pollution.  

However, incinerations have their own advantages, which are reducing the waste amount and 

saving landfill sites. Reducing the burden of landfill sites is very essential for Addis Ababa has 

only one landfill site called Reppi. 
 

Thirty five percent of the respondents have suggested that there should be private pre collectors 

to collect the waste from the institutions and 20 % of respondents have recommended there 

should be an organization that supply containers and dispose the waste when the containers are 

filled. This information helps us to conclude that there is a gap in the fulfillment of the demand 

of containers and one of the solutions is to encourage private participants in the management of 

solid waste. 
 

 From the field observation, most of the containers in the compound of the institutions are 

filled with waste mterials above their cpacity and the wastes have been spreader into the 

ground.This implies that containers have not been taken from the site within a reasonable time. 

This may be the cause for creating conducive atmosphere for breeding insects and pathogenic 

micro organisms. Addition, it shows that the management capacity of the municipality is 

limited to satisfy the demand. Therefore, the municipality should invited private investors to 

actively participate in the transportation and collection of the solid waste. 
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8.2 Recommendations 
 
 Sorting out solid wastes at source should be practiced for identifying recyclable wastes. 

 There should be further study that considers seasonal, climatic, and weather variation to 

produce reliable information about the generation rate and composition of solid waste 

in Addis Ababa in whole and the Sub City in particular. 

 For big institutions, there should be provision of enough containers and collection 

within reasonable time to avoid the over flow of the waste on the field. This will avoid 

contamination of the environment. 

 Since the solid waste management capacity of the Sub City is very limited, the Sub City 

should search for income generating means from the solid waste like recycling, 

composting etc. to increase its capacity of waste management. 

 Most of the institutions have access for land, materials for compost preparation, the Sub 

City shold give training, and technical assistance for such institutions to practices 

compost preparations.  It will reduce the burden that the institutions have created on the 

public containers. 

 The study to be completed in Arada Sub City , the remaining part such as open land and 

street should study by others.  

 The municipality shall better promote recycling by making arrangements with 

industries that can use recovered materials (for instance paper, plastic, etc) so that they 

will be an out let where recyclable material collectors can sell collected materials. 
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ANNEX 

     ANNEX 1: DEFINITION OF TERMS 
 

Agricultural solid wastes, Agricultural wastes and residues resulting from various urban 

agricultural activities-such as the harvesting of vegetables along some of the city’s rivers, the 

production of dairy products, and the production of small animals for slaughter- are also on the 

increase, these wastes are indiscriminately thrown along roadsides and waterways and in open 

fields. No data are available on the amounts of solid wastes generated from urban agricultural 

activities. 

 

Ash means a residue from the combustion of any solid or liquid material. This type does not 

include any subtypes. Examples: This type includes ash from fireplaces, incinerators, biomass 

facilities, waste-to-energy facilities, and barbecues. This subtype also includes ash and burned 

debris from structure fires. 

 

Batteries mean any type of battery including both dry cell and lead acid. This type does not 

include any subtypes. Examples: This type includes car, flashlight, small appliance, watch and 

hearing aid batteries. 

 

Commercial solid waste are wastes that originate in wholesale, retail, or service 

establishments, such as offices buildings, stores, markets, theaters, hotels and warehouses 

(Tchobanoglous et al., 1977).   

 

Commercial solid Waste means any solid wastes generated by storoffices, restaurants, 

warehouses, and other non-manufacturing activities, excluding residential and industrial wastes 

(U.S. Code of Federal Regulations-CFR PART 243, 1995). 
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Construction solid wastes: the composition of such wastes may include concrete, stones, 

bricks, blocks, scrap wood, metals, plastics, broken glasses, plumbing and electrical parts, and 

dirt, Wastes from torn-down houses or buildings, crumbing streets and sidewalks, and other 

run-down structures also contribute to the growing volume of solid wastes in the city. 

 

Electrical & Electronic Tools: drills, saws, equipment for turning, milling, sanding, grinding, 

sawing, cutting, shearing, drilling, making holes, punching, folding, bending; tools for riveting, 

nailing, screwing or removing rivets, nails, screws or similar uses; tools for welding, soldering 

or similar uses, tools for mowing & other gardening activities; 

 

Film Plastic means flexible plastic sheeting. It is made from a variety of plastic resins 

including high-density polyethylene (HDPE) and low-density polyethylene (LDPE). It can be 

easily contoured around an object by hand pressure. Examples: This type includes plastic 

garbage bags, agricultural film, food bags, dry cleaning bags, grocery store bags, packaging 

wrap, and food wrap. This type does not include rigid bubble packaging.  

 

Food waste means food material resulting from the processing, storage, preparation, cooking, 

handling, or consumption of food. This type includes material from industrial, commercial, or 

residential sources. Examples: This type includes discarded meat scraps, dairy products, egg 

shells, fruit or vegetable peels, and other food items from homes, stores, and restaurants.  

 

Industrial solid waste Sources and types of solid wastes generated by industries are many 

metals, plastics, rubber, paper, scrap materials, cloth, glass, leather, clay, ashes, and ceramics. 

Many of the industrial solid wastes are considered hazardous because they may contain toxic 

substances. The dangers of toxic wastes include corrosively, explosivity, flammability, 

ignitability and reactivity, irritant (allergy response), mutagenicity, toxicity, and radioactivity 

(Tchobanoglous, et.al 1993: 100). Leading producers of hazardous industrial wastes include 

chemical, leather, metal, and printing manufactures. 
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Institutional solid waste: Institutional solid waste includes schools, hospitals, government 

offices, and prisons. In addition to the type of solid waste generated by commercial 

establishments, institutional wastes include the hazardous material of health care 

establishments such as discarded syringes, needles and chemical waste like the formaldehyde 

and phenols in disinfectants and the mercury in thermometer and blood pressure gauges. 

 

Leaves and Grass means plant material, except woody material, from any public or private 

landscapes. Examples: This subtype includes leaves, grass clippings, plants, and seaweed. This 

subtype does not include woody material or material from agricultural sources.  

 

Municipal solid waste —more commonly known as trash or garbage—consists of everyday 

items such as product packaging, grass clippings, furniture, clothing, bottles, food scraps, 

newspapers, appliances, paint, and batteries. 

 

Paint means containers with paint in them. This type does not include any subtypes. Examples: 

This type includes latex paint, oil based paint, and tubes of pigment or fine art paint. This type 

does not include dried paint, empty paint cans, or empty aerosol containers. 

 

Residential solid wastes contain putrescibles (rapidly decomposing) animal and vegetable 

matters resulting from the handing, preparation, cooking and consumption of foods, paper, 

cardboard, textiles, leather, wood, tin cans, yard wastes, grass, ash, and dirt. In addition, there 

are bulky household wastes, especially from well-to-do household, such as old furniture, 

appliances, and electronic gadgets. Residential wastes may include hazardous materials such as 

spent batteries, chlorine bleach, outdated medicines and medical bottles, detergents, paint 

products, and insecticides  

 

Rock, Soil and Fines means rock pieces of any size and soil, dirt, and other matter. Examples: 

This type includes rock, stones, and sand, clay, soil and other fines. This subtype also includes 

non-hazardous contaminated soil.  
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Sewage Solids means residual solids and semisolids from the treatment of domestic waste 

water or sewage. This type does not include any subtypes. Examples: This type includes 

biosolids, sludge, grit, screenings, and septage. This subtype does not include sewage or waste 

water discharged from the sewage treatment process. 

 

Solid Waste comprises all the wastes arising from human and animal activities that are 

normally solid and that are discarded as useless or unwanted (Tchobanoglous et al., 1977).  

 

Solid Wastes means any Garbage, refuse, sludge, and other discarded solid materials, 

including solid waster materials resulting from industrial, commercial, and agricultural 

operations, and from community activities, but does not include solid or dissolved materials in 

domestic sewage or other significant pollutants in water resources, such as silt, dissolved or 

suspended solids in industrial wastewater effluents, dissolved materials in irrigation return 

flows or other common water pollutants(U.S. Code of Federal Regulations-CFR PART 

243,1995). 

Special Waste: Ash, Sewage Solids, Industrial Sludge, Treated Medical Waste, 

Bulky Items, Tires, Remainder/Composite Special Waste.     

 

Street solid waste: This includes street sweepings, roadside litter, haphazardly thrown 

residential wastes, waste from municipal litter container, and increasing volume of paper, 

leaves, animal waste, plastics, wrappings, tins, rubber, leather, and broken glasses. 

 

Textiles means items made of thread, yarn, fabric, or cloth. Examples: This subtype includes 

clothes, fabric trimmings, draperies, and all natural and synthetic cloth fibers. This subtype 

does not include cloth covered furniture, mattresses, leather shoes, leather bags, or leather 

belts.  

 

Used Oil This type does not include any subtypes. Examples: This type includes spent 

lubricating oil such as crankcase and transmission oil, gear oil, and hydraulic oil. 
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Vehicle and Equipment Fluids means containers with fluids used in vehicles or engines, 

except used oil. This type does not include any subtypes. Examples: This type includes used 

antifreeze and brake fluid. This type does not include empty vehicle and equipment fluid 

containers 
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Annex 2  

QUESTIONNAIRES: INSTITUTIONAL SOLID WASTE COLLECTION SYSTEMS 

NAME OF ORGANIZATION------------------------------------------ DATE--------------- 

MAILING ADDRESS------------------------------------------------------------------ 

KEY CONTACT PERSON/TITLE -------------------------------------------------- 

PHONE------------------------------------------------------------------------------------ 

1. Number of employees------------------------------------------------------- 

2. Number of customers per day----------------------------------------- 

3. Number of computer printers----------------------------------------- 

4. No. Of photocopiers---------------------------------------------------------- 

5. Which institutional wastes are reused and for what purpose?  

     Reused wastes------------------------------------------------------------------------ 

     Purpose--------------------------------------------------------------------------------                                                                                                                                           

6. Is there any organization and /or person who buy wastes for reuse purpose?   

    If yes, for whom do you sell---------------------------------, which waste    

    materials?--------------------------------------------------------- For what purpose  

    does money got from sold materials use? ----------------------------------------- 

7. Where do you put your daily generated wastes? --------------------------------- 

8. Who is responsible for the disposal of collected solid wastes at the disposal   

    place/ container? ---------------------------------------------------------------------- 

    Why? ----------------------------------------------------------------------------------- 

              -----------------------------------------------------------------------------------  

9. How far are the waste disposal place/ container from the housing unit? ----- 

10. Do you burn collected institutional waste? If yes ------------------------------ 

      Do you have prepared place for this purpose? ---------------------------------- 

11. Are there any governmental and / or non governmental organizations that  

      monitor whether institutional household wastes properly collected and  

      disposed at the appropriate place or not? If yes, what kind of punishment  

      is given for those who don’t collect and dispose their institutional wastes  

      properly? -----------------------------------------------------------------------------   

12. What kind of institutional waste collection and disposal systems do you           

      suggest? -----------------------------------------------------------------------------------         
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 ANNEX 3: WASTE CHARACTERIZATION ANALYSIS      
DATA SHEET 
WASTE CHARACTERIZATION ANALYSIS DATA SHEET 
NAME OF BUSINESS---------------------------------------------------------------------------------------------------- 

CONTACT ADDRESS---------------------------------------------------------------------------------------------------- 

SAMPLE ADDRESS / IDENTIFICATION CODE: ----------------------------------------------------------------- 

SAMPLING DATE: -------------------------------------------------------------------------------------------------------- 

GROUP NUMBER: -------------------------------------------------------------------------------------------------------- 

TOTAL WEIGHT OF SAMPLE COLLECTED: --------------------------------------------------------------------- 

No 
Material 
Categories  

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 

  W V W V W V W V W V W V W V W V 
1 

PAPER 
 

                

2 
PLASTIC 
 

                

3 
GLASS 
 

                

4 
METAL 
 

                

5 FOOD WASTE 

 

                

6 TEXTILES/LE
ATHER 

 

                

7 RUBBER 
 

                

8 WOOD 

 

                

9 YARD WASTE 

 

                

10 
INORGANIC 
 

                

11 
ELECTRONICS 
  

                

12 
PHW 

                

13 
SPECIAL 
WASTE 
 

                

14 
Less than 50mm 
size 
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4. PLATES 
 
 
 
           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                Plate 1: Reppi Dumping site 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     Plate 2: open house solid waste sorting area     
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                    Plate 3: Collection of institutional solid waste 

 

 

 

                     
                   Plate 4: Sorting of institutional solid waste 

 



 76 

                     
         Plate 5: Incineration on open land     

 

 

         

        
 
         plate 6: burning in incineration plant. 
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     Plate 7.Dumping of waste into the river               
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                Plate: 8. Solid waste on the field 
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        Plate 9. Over flowing of waste 
 
 
 
 
 
  

           
                 Plate 10. Burning of waste 
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